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1. General Experimental 

 All chemicals and solvents were reagent grade and were used without further purification.  

Trihexyltetradecylphosphonium bromide ([P666(14)]Br) was purchased from Aldrich, while HDEHP was 

purchased from Alfa Aesar.  [C4mim][NTf2] and [P666(14)][DEHP] were prepared as reported previously.1-2 

Water content was determined using an AQUAPAL III Karl-Fisher titrater.  TALSPEAK simulant was 

prepared by dissolving Lu(NO3)3 of varying concentrations in an aqueous 0.1 M glycolic acid solution with 

0.01 M diethylenetriamine-N,N,N’,N’’,N’’-pentaacetic acid (DTPA), affording a solution with pH 3.24.  

Samples for SANS and XAFS investigations were prepared by contacting 1 mL of 0.4 M [P666(14)][DEHP] 

in [C4mim][NTf2] with 1 mL TALSPEAK simulant for 60 minutes in a vibrating mixer.  The samples were 

then centrifuged at an RCF of 11300 g for 5 minutes and the aqueous phase removed. 

  

 

2.  SANS Data Collection and Processing 

 SANS data were collected on Beamline-6, EQ-SANS, at the Spallation Neutron Source of Oak 

Ridge National Laboratory.3  IL samples were transferred to quartz Helma cells possessing path lengths of 

1 mm, then sealed with Teflon caps fastened with Parafilm.  Data were collected at room temperature, with 

detectors located at 8 m, 4 m, and 1.3 m from the sample, corresponding to low, medium, and high q-range.  

The instrument was used in 60 Hz mode with minimum wavelengths of 10, 6, 1.5 Å, for 8m, 4m, and 1.3m 

detector locations respectively, to provide an effective q-range of ~ 0.003 Å-1 to 1.5 Å-1 Data were reduced 

and processed using MantidPlot using standard procedures to correct for detector sensitivity, instrument 

dark current, sample transmission and empty cell background.4 Data fitting was performed using SasView 

3.1.2 software (http://www.sasview.org).   
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3.  XAFS Data Collection and Processing 

XAFS data were collected on beamline 10-ID-B at the Advanced Photon Source of Argonne 

National Laboratory.5  ILs contacted with 0.025 M and 0.010 M Lu(NO3)3 in TALSPEAK simulant were 

sealed in a polyethylene sample vials, with spectra collected at the Lu LIII-edge (9244 eV) at ambient 

temperature and pressure.  Data were collected using a Lytle-type fluorescence detector.  The x-ray white 

beam was monochromatized by a Si(111) monochromater with higher-order harmonics removed through 

use of a Rh harmonic rejection mirror.  Due to the high flux and configuration of the beamline, the x-ray 

energy was varied at a constant rate across the absorption edge; neither step size nor dwell time changed as 

a function of energy; 200 scans were collected for each sample.   

 Data were processed and fit using the Athena and Artemis programs of the IFEFFIT package based 

on FEFF 6.6-7  Upon importing, data were rebinned with grids of 10 eV, 0.5 eV, and 0.005 Å-1 for the pre-

edge region, near-edge region, and EXAFS region, respectively.  Spectra were averaged in μ(E) prior to 

normalization.  The background was removed and the data were assigned an Rbkg value of 1.0 prior to 

normalizing to obtain a unit edge step.  Data were fit with k3-weighting, appropriate for a heavy absorbing 

element surrounded by light scatterers.  The first shell of atoms coordinating the Lu absorber was 

determined using an Lu-O single scattering path at 2.20 Å.  The amplitude reduction factor was set to 1, 

while fitted variables included the degeneracy of the scattering path (Ndegen), the change in the effective 

half-path length of the Lu-O scatterer (ΔR), the relative mean squared displacement of the scatterer (σ2), 

and the energy shift of the photoelectron (ΔE0).  For each fit, the number of variables was not permitted to 

exceed 2/3 the number of independent points, complying with the Nyquist criterion.8 
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4.  Derivation of Eq. 1 

 

f = Volume Fraction of Extracted Water 

ρstructure = Scattering Length Density of Ionic Liquid Microstructural Feature 

ρwater = Scattering Length Density of generic water 

ρH2O = Specific Scattering Length Density of H2O (-0.56 × 10-6 Å-2) 

ρD2O = Specific Scattering Length Density of D2O (6.39 × 10-6 Å-2) 

ρ(IL) = Scattering Length Density of IL in Microstructure (0.5 × ρ(C4mim) + 0.5 × ρ(DEHP) = 0.67 × 10-6 Å-2) 

 

The ρstructure is equal to the ρ of the water in the structure plus the ρ of the IL in the structure, weighted by 

their corresponding volume fractions.  With f defined as the volume fraction of extracted water, the 

remainder of the structure must be the IL. 

 

 ρstructure = [f × ρwater] + [ρ(IL) × (1-f)] (S1) 

 

The value of ρstructure can be defined by Eq. S1 for H2O and D2O, as provided in Eqs. S2 and S3, 

respectively. 

 

 ρstructure(H2O) = [f × ρH2O] + [ρ(IL) × (1-f)] (S2) 

 ρstructure(D2O) = [f × ρD2O] + [ρ(IL) × (1-f)] (S3) 

 

Eq. S2 can be rearranged to afford an equation for f, provided in Eq. S4. 

 

 ρstructure(H2O) = f × ρH2O + ρ(IL) – f × ρ(IL) 

 

 ρstructure(H2O) = f (ρH2O - ρ(IL)) + ρ(IL) 

 

 𝑓 =  
𝜌𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒(𝐻2𝑂)−𝜌(𝐼𝐿)

𝜌𝐻2𝑂−𝜌(𝐼𝐿)
 (S4) 

 

 

Having defined f as a function of ρstructure(H2O), we substitute Eq. S4 into Eq. S3 to obtain Eq. 1 in the text, 

which relates ρstructure(H2O) to ρstructure(D2O) and allows simultaneous refinement of these values through data 

fitting. 

 𝜌𝑆𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 (𝐷2𝑂) =  
𝜌𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒(𝐻2𝑂)−𝜌(𝐼𝐿)

𝜌𝐻2𝑂−𝜌(𝐼𝐿)
 × (𝜌𝐷2𝑂 −  𝜌(𝐼𝐿)) + 𝜌(𝐼𝐿) (1) 
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5.  Supplementary Data and Figures 

 
 

Figure S1.  SANS data for [P666(14)][DEHP] in [C4mim][NTf2] prior to contact with TALSPEAK simulant 

(grey diamonds), as well as the individual constituent ionic liquids, [P666(14)][DEHP] (blue triangles) and 

[C4mim][NTf2] (brown circles).  The data for [P666(14)][DEHP] in [C4mim][NTf2] contacted with 

TALSPEAK containing 0.0025 M Lu(NO3)3 (as plotted in Figure 1) are displayed as green squares for 

comparison. Data have not been artificially offset. 

 

Table S1.  Solid Cylinder Fit of SANS Data from Contact of [P666(14)][DEHP] / [C4mim][NTf2] with 

TALSPEAK Simulant with 0.0025 M Lu(NO3)3  

 

Length (Å) Radius (Å) Scale χν
2 Rg (Å) 

171 ± 2 11.66 ± 0.07 0.049 ± 0.001 3.5 50 
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Table S2.  Calculated Scattering Length Densities for Ionic Liquid Constituents 

 

Component Molecular 

Formula 

Molar Weight 

(g mol-1) 

Density (g mL-1) Scattering Length 

Density  

(×10-6 Å-2) 

Water H2O 18.0 1.00 -0.56 

[P666(14)]
+ PC32H68 483.4 0.96 -0.44 

[DEHP]- PO4C8H18 209.1 0.96 0.39 

[C4mim]+ N2C8H15 139.1 1.39 0.95 

[NTf2]
- NS2O4C2F6 280.1 1.39 2.56 

Water-d D2O 20.0 1.11 6.39 

 

 

 

Table S3  Refined Fit Parameters for Simultaneous Fit of Protiated and Deuterated Data Sets with Solid 

Cylinder Model 

Variable H2O D2O 

Background (cm-1) 0.6617 ± 0.0002 0.6654 ± 0.0002 

Length (Å) 217 ± 2 54.0 ± 0.4 

Radius (Å) 11.98 ± 0.06 

Scale 3.63 × 10-13 ± 3 × 10-15 

ρcylinder (Å
-2) 0.639 ± 0.002 0.816 ± 0.002 

ρsolvent (Å
-2) 1.7 (fixed) 

 

 

Table S4.  Comparison of Fitted SANS Data from Contact of [Pnnn(14)][DEHP] / [C4mim][NTf2] (n = 4, 6) 

with TALSPEAK Simulant Containing 0.0025 M Lu(NO3)3  

 

Sample Length (Å) Radius (Å) Scale χν
2 Rg (Å) 

n = 6 171 ± 2 11.66 ± 0.07 0.049 ± 0.001 3.5 50 

n = 4a. 21.9 ± 0.5 9.2 ± 0.2 0.059 ± 0.002 1.2 11 
a. Fit using ellipsoidal form factor. The length column refers to the radius a, oriented along the rotation 

axis of the ellipsoid, while the radius column refers to radii b and c, oriented perpendicular to the rotation 

axis of the ellipsoid. 

 

Table S5.  Fit of SANS Data from Contact of [P666(14)][DEHP] / [C4mim][NTf2] with TALSPEAK 

Simulant Containing Different Lu(NO3)3 Concentrations 

 

Sample Length (Å) Radius (Å) Scale χν
2 Rg (Å) 

0.0025 M  171 ± 2 11.66 ± 0.07 0.049 ± 0.001 3.5 50 

0.025 M  165 (Fixed)a. 11.10 ± 0.07 0.051 ± 0.001 8.9 49 

0 M 166 ± 2 11.40 ± 0.07 0.050 ± 0.001 4.0 49 
a. The length of the ellipsoid was fixed, to be consistent with values obtained for other samples.  

Allowing this parameter to vary freely resulted in a fit which was equally good statistically, but afforded 

physically questionable values, such as an unreasonably small radius. 
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Table S6.  Fit Parameters for EXAFS data of Ionic Liquids Following Contact with TALSEPAK 

simulant. 

 

 0.01 M Lu(NO3)3 0.025 M Lu(NO3)3 

Coord. No. 9.5 ± 2.4 9.2 ± 2.4 

Δ E0 7.3 ± 2.2 7.8 ± 2.2 

R (Å) 2.24 ± 0.04 2.24 ± 0.02 

σ2 (× 10-3 Å2) 9 ± 4 9 ± 4 
 

 

Table S7.  Water content as a function of metal concentration for [P666(14)][DEHP] in [C4mim][NTf2] as 

determined by Karl-Fisher titration 

 

Sample Water 

concentration (ppm) 

Before contact 4506 

No Lu(NO3)3 6489 

0.0025 M Lu(NO3)3 10608 

0.025 M Lu(NO3)3 14883 
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